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ABSl -RACT OF TD li m SCLDSUT^y. 
At> i>1ectT0<le device for cicctricati/ hbHtin^ undergrouud 
deposits of hydroc^srbons such as oil saucl or oil sb»3lo, P jural 
well pipe sections axe joined through >.iir.ulate<l pipe joints with 
ail blcctrodc ccinne(;te<l thvouj-Oi one u£ thi: iii.siilatEd pipe joint? 
to a loTif-er otit of v.lxi? pipe sections. Each of the insula L^^d i)ipo 
joints includes a first tiiHul.KT mecnber having a flange portion 
At ouG ftnd i.)^r^THof, a r. econii tubular jncmbcr haviust a tap portion, 
at one end i^hich is rccbivcd in tlic fJango portion of Xbe first 
tubular member with a gap therebetween, and an insulalinft inembor 
di-^pos(id P.n the gpy lor hermetically couplitiji tliu first and 
second tubular members 2nd for cl&ctricfli.;L/ ipiiulating first 
ajid second tubuler TtiQmbQrs from one anotlier. 



BLi^CTHODE DEVICE FOR KLtiCTRlCALLY HEATING 
UMl>liRUilDlJ>lD DEPOSITS OF HYDKOCAUBOK'S 

BACKGRQITOT OV TttC rKVHNTIDN 
I'hB present irivontion xelatc.H to an electric device 
used to electrically heat urnSorground deposits of hydrocarbons. 
More specifically, the prei^ent invention relates tfl an electrode 
5 d&vice v/hich 15 used to supply eloctrlcal power to an uadergroanii 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a. ^ou'er viscosity aad hi^fji^r fDuidity in order 
to jncrp easily remove' thera from the vqU . 

Tho teroi ^' hydro ca-rbuTis" ss used hereina^fter means 
10 ■ petroleum or oil, bitumen contained in oil saud (also called 

"tar 5£iTxd^') and kerogen cotitaiued in oil $hale. These vilj. all 
be referred to **oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity^ it is possible to extract the oil through the well 
15 either by gas pressure coexisting in the oil layer or hy forcing 
a liquid such 5s brine into one well to force the oil to flow 
out o£ another well. Uowdvsr, should the underground oil havo 
low fluidity^ it cannot be e:cTracteiI until the oil is made mora 
fluid. it^neral inethod of making the oil fluid is to heat thq> 
ZQ oil thereby to lower the viscosity of the oil. The temperature 
suitable far this is different for different types- of oil. 

There have been proposed as oil layer heating methods 
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the irtj(iciiQn of hot water or water vapors at a high temperature 
under a high i>ressure, supplying electrical power to the 
and^Tground deposit, under gr6\jnd combustion in i7hich the under- 
ground oil layer is ignited with a supply of nir so that it may 

S be burned, and the Mse of e7q)lD5i%'es. The last two methods are 
difficult to cQXlt-TDl RQ that thoy are pot. in gOTioral usd. 

According to the method of injecting the hot water or 
water vapor at a high tempcraturo and under a high pressure^ 
the oil layer is heated to enhance tKe fluidity of tho oil to 

10 ■ cause the I'liiid oil to flow out to the ground surface. If, hov/- 
ever, some regions of' the oil deposit have a low resistance to- 
the flow q£ hot water or v/ater vapors or there are voids in the 
oil layer,, th? h'dtex or VJfcpots may collect lii these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and dense, the hot xatex or it;; vapors will 
again not difftise io that the oil layer cannot be heated. 

Heating by the supply of electrical powor is perfumed 
by drilling a plurality of v/olls in tho oil layer and "by establish 
ijig potsTxtial differences between ©lectrodas- disposiid in the 

20 wells 50 that the oil layer is heated by its re^-ii^tancfc to tho 
electrical current ^-hich flop's therethrough* ThiiS tochnique is 
advantageous in that the oil layer can be vholly hoat^d v;ith ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up: the fluid oil* 

2S For improving the oil producing efficiency, there has 
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furthE*r been proposed a piuthod v/hich includes a first step of 
beating the oii Ifiyor by electrical rc^i^teiiice heating and a step 
o£ inj&cting hot w^-ter or vatei' vapaxs at a high te/nperatui-o ancf 
ondur a high pressure* whoA ths gij layer becomes soft while con- 

S tinuihg the heatirTg so thut ±h^ resultant fluid ail mv^y he pumped 
DMtr 111 order to bffaciBJitly heat the oil lay<:Ti tho &lBctroOe 
device must be safficicntly electrically Insulated thnt th© leak- 
age of electrically current into underground port ions other th^n 
the oil layar is avoided as much as possible* Tha Bl.ectrotie de- 

10 vicL> l.s also required to be mjl)rcak.AblG with respect to the under- 
ground soil pressure, the pie^suxc of the* vapors which are ^jener- 
ated by the heating operation, and the pressure of injecLed liot 
v/ater or hot high pressure vater vapors. The electrode di3vic« 
Is further required to be free from loal<ago of hot vator or hot 

XS bigh pressure water vapors. 

Til ord&j to explain, the electrode device of this gDiicral 
type more fully, an example in which tlie oil is oxtractad from 
oil 5TJn(5 will be described. 

Oil sand, also called "tar sand", is pxesent in largo 

20 quaatities in Canada, Venezuela and the United ^States. 

The oil in the oil sand is typically luixed -witli brijie betweeii 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partial ly <5xposed in a valley or at the banks of 



i a river bat it< iftost ottcn locE^ted ontt.rfily undoxr,ronml at u 

iloptK-of 200 to SOO vs having a thickncios of Bt>yexa\ tens 

o£ .meters, (5\it2 to conr.i.rlftrntir>n of f*conoii\y and enviroiinv^citAi- p^-o- 
Uoctio"; it ii; nccfiBBary to separate t>at tho oil undDCground and 
to extract only th& oil -froTg the well. Jtoreoyor, sincB the 
extrication of oiX trom a i^hallow under ground Xayer ix* acconipnnicd 
by a danger of Gubsldenoe, ir. it; dcD-irabLe to extract oil only 
£rom \;nder ground Ic-iycro Jyin^j deeper than 300 m. 

Furlher aspects ot the hatikground d± the Ijayention and 
10 the invention o.f tho present mrjplicauion i^re de^Kcribed wl Lh 
the asDistance of the acccanpanyiiig drawings in' whlcht 

1 ia ^ tJOhomatic sectionaX ^iav showlJicj a 
convent i.£>nal prior art inBtnllatlon of the <5eueral type vfith 
vhich the inveiition is \il:ilisietlf 

I/ig. 2 is a arose-Bfictional. view oi' an ineulafcod pipe 

>olnt o£ tha invention; 

Fig* 3 is a oroas-aectionai View shovjxn^ a^voral joined 
pip^i BQction^;, an electrode- and insula I'-ed pipe jotnt'-B In eiccordance 
V?ith the ii:»V©ntionr and 
20 Pig^. 4-7 are a* scries of cross -sectional viex^s 

iXluatrAtlJXCf the «ac oJ: ii^ aula ting coatingi; in acoordanco with 

l;he invdjiition- 

Pig. 1 illushrataa the' heating of an oil fcand layer. 
l?y BiQCtxodeB couplud to □ power supply, in ?ig. i. rcfarencB 
nuineralH 1 hnd U indicate main guide pipaf> made of Bte«l. 2 
and- 12 indicate InsuiatcL's joined to tiic main guide pipes i and 

11, and 13 .i.Adicat<i clectrodci^ joined to thct inwlators 2 and 

12, p^rforationa axe fornied in th^ electrodea 3 and L3, and 4 and 
i4 indicate cabXea for feeding an cleotric current to the eXe- 

^0 ctL-odos 3 and 13. This assembly ia hareinaftsr called togsthcr the 
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^ electrode device". Rcfexepc^R minierai 5 Irxdicuttss a power 
aourcfc. 6 ind>.catf^8 an oil Scjud l!?ver, 7 ind.i.Coteu en olCOtriC 
curriisit JCAcrwi-nq between tho ele-f^trodp.B 3 and }.3 , B indicates bTie- 
groui^cS surface, 9 indicatsB an oviMTburdeu layer,, anci lo in- 
dicrates a layer below the nil eaut) layer, 

WheJl a volt aye is af'pl i.fiii to tho eVectrOdcc 3 and 
1.3 which arc burle^i the oil Rancf layar 6 fxoia tJio power 
SOTirre 5 throucjh the cablci; 4 ancl 1<1, thO current 7 flows in 
accoTTflance with tho electric rcc I Ufiy^cs of the oil »and layer 
6 as a result 
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of v/hlch the oil sand layer 6 i$ heated by Joulft or resistance 
heating. Although^ Che cuxrent 7 paztaally flow5 into the over- 
T)urdBn layer & and the lnyer 10, the leakage is jQaintain^d at a 
low level because the insulators 2 apd 12 are interposed ho tv/e en 
the maiTi fiuido pipes 1 and ll and iho electrodes S and IS. Aiter 
the oil sand layer 6 ha5 been wfirmod, the pow^ir supply is- inter- 
Tupteil. Hot water or water vapors at a high temperiiture under 
a high pressure are thcsn forced from the upper inlet of 6nt main 
guide pl?e 1 of the electrode device and flow through the oil 
sAiid layer 6 until they coine out of the other main guide pipe • 
11 carrying the oil, Jn order to improvo the flow rates of the 
hot ti'ater or the hot pressure water vapors, perforations are 
formed in the dlactrodea 5 and 13. 

Since the upper portions of the insulators 2 and XZ 
are connected to the main guide pities 1 and 11 and the lowor 
portions ^ire conooctDd with tha electrodes 3 and 13, a doicn- 
v/ard tensile stre^ss is alw^ays applied to the insalator-s. Mote- 
over, since the tt-s,seiDbly can be at a tempi; rat ure as hijjh ^15 
250" c to SOO^'C, the insulKtors should ha ahle to wUhstHud such 
tempiiratxires . Aisa, since the insulators 2 and 12 are buried 
underground as dcop as several hundred maters with the electrodes 
i and 13 suspended from their lower ends Kith tho upper ends 
thureof coflnectod to the inAiu guide pipes Z and 12 > the insulatOTS 
Z aTid 12 v(Lll almost certainly contact or collide with the well 
walls vhilu they pre lot/axed into the icell. Because of the 



gTu^t total weijiht, any .slight contact v/ill impose £i lxiy)L snochi- 
nital iiDjjacit upon the insulators 2 and 12, There Tox^b, the 
insulators 2 aAd 12 htc roquired to be able to ^fithstand iiulicxi)atod 
levels of mochanical impact. 

5 m an &i&ctrodc device which hpats an oil sand layer 

when it is sn^jpiiDd with an electric current, a jaajor prubiem is 
that the oXectric v^sl/^tance in the oil sand layer is approxijiiately 
equal to the overburden layer. Since Lhese t ice trie res is tail ces 
di.Mer depending on place and conditions, they cHmioL ^^cjicxaily 
be precisely stated. HatfovGr^ avorage valu«^; are lOl>ft-in For 
Che oil sand layor and lOfl-lsOol-m Tor the ovexbuTden lay^r. As a 
re^sult, ir at) electric current is supplied to t^fo electrode devices 
which a,r0 constructed by con7]^cting plactrodes to guidtP pipes meidy 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, T^lO^t of ths cxirrenf will he ConsuTaod in the ovCxburdert 
layer. In order to avoid this problem, it is n&cessary either 
to covei the surfaces o£ the guide pipes vith an insulating coatiiiu 
or to insulate the electrodes from the guide pipes. 

Various atterapts have been made. to provide insulators 

20 wKicb satisfy the aforciDie tiiioued requirements. In one such 
ftttcmj>t, flanged tubular members made of me-tal are coatod with 
an oTgHiiic i-esin whicl^ provides a high resistance to hent. An 
appropriate nsateriai la polytetraf luoro©thyl^n«i resin (far example 
"Teflon™" -Khich i& trade name of du Pont) . vitb this 

25 Lions tructlon, insulating mombors arc provided lehicb are 

satisfactory in their ability to withstand a sujjpcndiiig load 
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and iiiechi^nical -i.mpact forces. However, ithri.s pjox'-eci quite diffi- 
cult to coat the fian^© pDTtious satisfactory wHh the insuiiit- 
±n^ QiateTial. M^ri^civer, even if sat.i.sfiictoxy insulatijijc; char- 
actevistics are provided at room toiiipcTatyre> the irtsulating 
5 unating has a tond&ncy to separata, especially xjrouiid tho flange 
portions^ duo to repeated tlKiirnml expansion and contraction 
such a-s is typically cmi countered in normal operating conditions. 
If th« insulation coating is brolcon or caused to flake off, r.he 
■i-n^ulators thus produced become; useless. 

10 Tn ft second attompt, porcolaln matoTl^^l has heen used 

for forming the insulators, Howeviir, It i5 ixlso necessity in 
constructing the insulators to take into account the roquitement 
foT providloif Kat©T and oil tijtht charactexisMcs with re^spect 
to th& connection betwcDn the main ^uide pipes 1 and 11 and the 

IS cloctTodes 5 and 13 es wbH as between the ixisulating member. 
Tho connection has generally been made by shrink fitting metal 
(>ipe,s on the outer peclphtsral surface of tht* poTcela-in pipe and 
. then conjtecircd with other metal pipes ord inar/ techniqup^ iii;cb 
as welding or attachment with hol.t5, V^ith this constxtiction, 

ZO although the v;all or oil ti^bt characteristics ma/ bo acceptable 
at room tcrsiperature, the strength of the shrink- fitted joinxs 
teod:i to drop as the tetiipcrature is increased sg that the nihi- 
lity to support tbt* suspended load is correspondingly lowured, 
MoreoyBT, breakage of ths porcelain may taken place as a result 

25 of the stress imposed upon tho lading end portions of the shrink- 
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fitted areas. oxder to e;laminal<; sn^h drHKl>ack^, there Jtas 
beert preposiid t>i« vse of a porcelain pi-jie having ends form&J 
as fjnnge portions with the flange portions fastened to jiietul 
pipes with packinK^i intf^rposed hetween tliu czontact syrPac^P. 
5 V/ith thi^ LOT! St ruction, the above- stated req\iirentents 3re mat 
at room tempera turo . However^ the water and oil ti^.ht scaTing 
tends to dctsjTtorate upon repeated thcriital oxpansign lind con- 
traction. ^5o^eoveI> pomelajn intrinf^ically lacks strength 
against meclianical impact farces. Thus, it has a high tcndBnn/ 

10 to be broken by a mathanical impact force such hs is oTdinarrly 
encountered w}iilu tiif> asj?embly is lowered throu^tli tho w^ll, 
Tlius, thii pro^D^-ioTi of a porcelain insulator sufftsrii from the 
unavoidablo defect that there is a high tend eiicy of bTea1;age. 

Vet ,tuTth&r, insulators foimod of organic polymeric 

IS compounds have been proposed. Althouijh ^\ich compounds may have 
a high strength at room tempevaturii And are nuite good electrical 
insulators, roost ol! the compounds of this general class are not 
particularly heat resistiut. , SpBci f t cally,very few compouTids 
of this, type are kuown which are resistant to hot vattti or v/atcr 
vapor al high temperature and UTider high pressure. 
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SWliVRY OF T\m VTG N T1_0W 
In accortJajiiic w^ith thcs ii)ventii>n> tli<3Te is provided 
an clactTDde device) iov ei.ectri c^i ly heating imaerground d6ix)5Lts 
of hydrocarbons including a pluralicy of well pipe sections » 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons f.or supplying on electric current to tJie utider- 
g round deposits, a ^luralit>' of iTi:;uljit iii^ \>i\>v jtvints ckcH 
iiicludinij u ftri^t tubola-r Tnember having a flange poxtlon at one 
^nd thereof, a Fecond tubular member having a cop portion at 

10 one end thereof adapted to bo rcciiivcd in the flangt portion 

of the fi rit tubular morabgr with a gap th erebfttv/^e^n and an lti- 
sulating me^mber disposed iji the gap between the flange portion 
and the citp portion for hermetically coupling the first and 
second t^ubular lacmbers while eloctrlcally iasulating them frozft 

IS one another And with ths insulating PT-P^ }0intj; being us art to 

couple at least some of the pi^e j^ections together and the elec 
tradB to one of the pipe iiections, and a cable conTiacted to tho 
electrode tor supplying an ele^ctric current thereto. 

At least scsnu of tho insulntin|^ V^V^ jointJi can bo 

ZO interconnected, flic insulating incinber of each of the insuiatcd 
pipe joints Includes a first Insulatring portion disposed in the 
gap botfc/een the flange portion in the Cup portion nnd SOCOnd 
jn5\5}ating portions di5posed adjacent inner and outer surfaces 
of Lhe tubular members with the fitst and second insulating por- 

25 tions being formed integrally with each other. Preferably, the 
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inisulating meinber of ear^h of. the iiiEuLattid pipe . jO-^-t^tCi x'^ JRa^lo 
qZ n ijtlu&s-jnica T^ioldlng .(:orjiic<l Hrom v^ow^tlcrc of ??la;:jv and mica. 
An insulating coating may be pi'ovidcd on nt leaJst ti portion oX* 
V.hc outct^ i>arnaci5 of thf:> iii::u3.ate(l pipe. 3oint;j::, This coafir.g 
may be ii re y in* of polyttatraf luoroutii-yicjiB , a resin of ^ipbcnyl 
oxide. >loxeovor, a protective iLiyer of inBuintion caa be 

proyn.fSed around at loafjl- a portion of tbft insulating ca^iting* 
Vhe protective iay<:r may be; an inexponf>ivc Tna^:eria]. auch as 
poiy ethylene^ poiyproyylenti or i>oly\''itiyl chloridei. 

Further c>b:)e-ct^t and a<^V«nV.agee of the irxvrention will 
appear froiQ tha following dcccripbion taken together vrith the 
iStcdOmpanied drawing h. 

In acaordtmcrci with th*i invontion, tharo ic provided 
an Bleutrical treating ©iBcftrode device which is ©ntiroly froa o£ 
the afoove-raentiocxed dra^rfbacXs* A preferred embodirrient o£ 
the ckliictrodo device of the invention will be described in detail, 
{iiiTBt with rtiUoroncG to Fig. 2 whiuh shoe's & trrocs-ijectionftl 
view o£ an inaulatiSdt pipi3 joint 2i u^hiuh utilised with the 
BlEctrode dOViCD Of the involution . 

The pipB joint gon«riilly dosi9n£ttcc3 21 in Figure 2 
COlTipr.ijse^ four basic alementa; 

a fir&t tubular member 27 r a secosad tubular niarobar 33, 
a cylindrical sleeve-lik^ oovsr m*itTibGr 2D, and aw Insulating 
m^mbor 35. 

'i^he first tubuln'r KiOiiibex 22 comprlL'&c h cylindrical 
tubular pc>rtion 23 with a radially uutvacdty ifcxtcndiny flange 
portion 2 A at a luwGi* ac shovrxi. 

The ceconci tubulai: meinber 53 compriEjey a cylindrical 
tub\ilar portion 30 with a rudially outwardly extending hub portioj^ 
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25 at an upt>fix Pivl es; :jiiOwri* The iiitoxior diametor of tubular 
portion 30 of tbti sucjunrl t"f>ia3.ax ]i>r]ii1?*?x .T3 ehow idButlceil 
to thfi interior c^iaroeter of tabular portion 23 of tiie first 
ttibul.r-ir Tocitibur ^.2 . 

Hub porti.on Zf/ of the. 2nd tubular member 33 i& provided 
i^ir.h an inueor/^al am^ular recess 3\ a& iihcwn. Huh portion 25 
is also provided with external thread b 22 which inat.e with 
threads 29 .on cover snember 29 to be d<^acribod, 

Sleeve -like cover Jnemboj: 29 coJiipriaeii « cylindrical, 
tabular, drum-like portion 26 with, internal LhreadB-2a at one. 
lover end aa shown in Figure 2 ancS a 3:Adl.ial3.y inv^nrdXy extending 
CAP portion 27 at the other upper end. As shovm, tubular portion 

26 ha;:; a Iftrgor Intornal diaiueter that the external diatneter 
oZ flancjo portion 24 of the first tubular meinber 22 bo ae to 
provide a gap therebetwaeii to be occupied by insulating mernbcr 

Cap portion 27 or cover mtstabdr 29 hae interniil diameter 
larcger than the ej^te?:nal diameter of tubular portion 23 of the 
Jiirst tubular jnerahcr 22 so as to form a <^ap thcrebetwejd. The in- 
teXnal diafnatear of cap portion 27 is sinallex than the external 
dia^nestt^r of flange portion 24 of the first tubular wcitibcr 22. 

refer ably the first tubular mombe-r 22, second tubular 
jnembor 33 and cover iTtoitibor 2& are made .froio steel. 

JnauXating membe): 35 includes an, o^.tex -cirovmf erentlally 
ixisulatiri<^ portion 36 whicli surrounds external euirfaces of 
tubular portion 23 of firat tubular member 22 and an inner cir- 
cumi'ereintially ini;ulating portion 37 which fit& Incldo the internal 
annular recess 31 of hub portion is of the second tubular meinber 
33. The inner iu&ulating portion 37 Itas the same internal 
diaineter a& that of tubular portion 30 of the Recoxad tubular meiober 
33, Ab inay b*i Kften, insulating jnember 3S compriiit^s an integral 



-11- 



I lll(>A1b^^r cxteadin^j from portion 56 thtircof to portion ,17 thereof,, 
lutegrnl insulating menOjer .^ii thu? ss>ciceB surfciuos oK tlie Cirat- 
tubu3ar member '12 from aiiicfaftftR of BecOnd tubular mcrabOK 33 ami 
cover iTiGjnbcr 29 by a gap occupiod as seen in i'igure 2 by insula tiny 
member 35* Insulating mfimber 35 inEiilatea first tubulAX TOCrabor 
^2 from contact with fiooOiid tubular member 33 anrl cover member 

U'ith cover pieniber 29 screwed down onto sG^Oiid tubuliir 
mambtir 33 as filiown in Figure 3, flange portion 7-^ o.t first tubulor 
^0 member as encasec3 by insulating member 35 ia e&iid«iohed between 
cover moiobcr 73 and the ug^er end of hub poxtion Sr5 of the 
second tubular tncrober 33, whexeby j.nsuJating inembBx 35 my form 
a hGTitiatic 4J€ial botweon first tubular menUDex 22 and second tubuli^r 
jocmbcr 33, 

Ry Kcrev.tncf cover membei' 29 onto, aecond tubular 
tneujber 33/ first tubular iriDinbor -22 may be firmlx* sea lab ly coupled 
to fiCCOQd fcubuXar member 33 yet insalatively lsol6t:^;<i. l-.he.refrom. 

In aGSGxnbly, first tubuXar portion 2.1 ffiay bd insc-^rted 
through cover mEraber 29 £ollOv?ing which cover maxnber 2P niay be 
20 ^crcv/ecl dntO RGcond tubular portion 33. The Insulat^il^g mEmber 
35 may be- s&&n to occupy a g^p betv/een the first tubular jnombcr 
22 and the coiabi.nation of the second tl^bular meitiber 3 3 and COVCr 
member 29. 

Px&fGrably/ the entire insulating member is made of 
a ooJiTpasition of glaet; and fill C a and is formed by a molding pro- 
CCSf?. The inmilating jftejabtir is forincd by ho^Uin^ a mixture of 
powders of glass and mica bo a sufficiently high tempiirature 
that tho mixture becoin?iB fluid* Ones the mixture is fluid, it 
Ifj prsasur© molded using a mo.l-d of appropriate shapo. The for- 
flat von of the insulating mctnber 35 will be dsacirbod in jnorc 
detai?.* 



Tho frirsi: Lnbular wicnihor 22 ami Ul« BGcoud tubular 
meinber 33 «-\re assoffiblcd to be pocitiouec^ afi showi^ d.u Fig. a nnd 
are 0\p-n heated tti a predctcr All lied tCHiperature. The two tultnl.ax 
ttiembuxs at the olcv«^te^3 Izempfiraturo ate f.ittocl Into Q Tcold. 
Ke-Kt, a mxxtuire of glnss atid micft povders is preJtArcd by pp^^ 
ittoLdiiig tho Mixture into t.he farici oi; a prcllralnp;ry molded jiieiiibcr 
of a cy).indrical shape which wj^il tit Sx* th€% gay biitv;cca the 
tubular portion 7-3 of tbo first tubular meiivlj^^r 2 2 ana cover member 
2!^. Thd prclimnary molded jiiEiubBr is heft tea to a prcjdwtcrtftiuod 
temperature and ixttad in the cyap in a heatod con<3ition. N£iXt, 
a pxesEiure is applied to the preiinu-nary molded wcirtbcr bafore 
it cools; to force the^ material of the HK\jnbcr to I'iov/ into Ibe 
gap between the iir&t and se-Con^i tuhxilar jitBlCibcrG ?^r,d into the 
internaX annular receisj? il i)L tho se-co^d tubular Kiomber 33* 

i*or the matexial of the prelim inairy molded member, 
45 Mt^ ot, gliiea potfd&r prepared by ^^ulverixing a glaTie ueed foir 
6n£imel coating steel objectii, coiomarciaLly available =as Product 
Wo. 2312 of Kdppon Ferxo^ litd.f to a eiso of 2 a 0 mesh mixed vith 
55 wtft of mica powdter 0± synthetic phlogopoite of a size of 
6Q to 200 jaeah. 5 wt% of water is added to the resultant roixtura 
to.^&t it »o -it can he tnoldod. 150(> of the ^tstted mixture 
i9 molded ufeing a ool-d preaaure raDldin9 pTOceeB to foxm a cylin- 
drically shaped bndy uaing a mold (oor. sTidwh) . Tho prclirainary 
FTiolded iflumbc?*: WdfJ diBEJOsed in a dxier at 1Z0"C for two hours 
bo dry it, prior to its use in forming the inaulating jnnember 35, 

Ap dnacribed above/ the cover werabcr 29 and the hub 
portion 25 arc- joined by scx&w threads, Howrev^er, the Invention 
ia not IliTtitec? tlieroto as tlic cover mRiRber 25 and the huh por^ 
tiOTX 2r> can be 3oined by welding. 

in an alternate embodiment r the cap portion 27 of 
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t the cover ineroher 29 ifl dwided inl:o four qnadranLa IviO of whic'n 
axe rftmovecl. Tin^ flange porbion 24 of the first tubular .nierober 
22 if: i;bon out 4i\iu:h thdt tho rGtiiaininrj £wirt oC the Xlciiitje portion 
2 A CtKti fit through tht? two reioovexl quadrants of tho oni^ portion 
27 so that the flange portion 24 can be located undeT: the cap por- 
tion 27 of the covei" meinbEi- Z^. 

V/i th the ipfiul-fiteid p."Jp*^ 3o5.nl; dormer il>e<3 above, a ten- 
sile force; imposed oti the otids of the joint iG cotwerte(3 ii^to a 
compreBBive force wMch acta betveeii the cap portion 27 eind 

lo eian^jo portion 24, b'lnoe the compression pi-xength of the insulating 
meraibGjr 35 of the typo dcccxibGd is muoli greater than it? tensiie 
strenyth and since t)ie force por unit area can be f?ui fab.l.y sot 
by adjustJ-ng -the extent of the area on which the comprBssivE 
forces arc applied^ the resulting assembly is guite strong and 
abl& to ^ithtftand hi<j1t t6ai?iiG forc6s imposecl on the ends of the 
joint* 

ht high toMpcraturefi, for inatar)<^e 300^C, the heat 
■jToyiEtant chfiracttsrijctics of the insulating nujcnbor are priaiaiiiy 
• cie ferminccl by the fclicrnial cfharncteristios of the glaes rflatcrlal 
iO uafi<A ^e l^he starting material. Particularly, thei transition 
tamp Era t\ire of this inatorial Ss important. If the ticansJ.tion 
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temperature i.^, for instancf;, in a range of TiIiD "^C to 600 '^C. 
fl high mcchtiTiical sta'on£th for the overall asspinbly will be 
preserved to a Lemperature of at le&st 300*C. 

Xith lospect to t>ie I'oslstance to mechanical inipa^rt 
forces'^ the mica powder which is u.scd to form the Insulating 
Tuembftr is composed of v^rticles hjirinfe a f Kit shape where-iiu 
the ratio of the dlamBtcr to the tbiclcness of a s^iagle sc^^e 
partlclo is Beneraily in a .range of 30 to S0:1, Due to the 
pre-sQncc of the schIb particle?^ the molded insulating inemboi' 
has a iHiHinated fonn thcieb/ providing it with » hifth elasticity. 
This high elustltiiy would not lie present if the in^ulnLing 
memhoi- i/ere formed only of glyss powders, l^uc to the -lHrf.inateO 
construction, tDe insulating member i^^ provided witb a much 
greater resistance to repeated l^cmperatui^ changes and mechanical 
impact forces then is h prior art t>T>e of insulating raemlieT made 
of an inoTganlc compound, aiierefoxe, the insula! ieg member 
prodaceOE in accordance with the invention is suffieiontly stronft 
that it can withstand tha t>'plcai impact farces which arc en- 
countered during the use of the stxuctuTD* 

Next, the cnuiitruction of a preferred enihodiment 
of an. electrode device of the ixivantlon utiliring the above- 
doscribeJ In.sulated pipe joint 21 '^fill be given vith reference 
to v"ig. 3, Ilefercnce numerals 1 to 4 used In Pig. 5 indicate 
similar cos^ponents as those of Fig. 1. The rijhthand half of 
Vi^. 3 shows the coavpleted structure of the Insulated pipe joint 
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21- shown in the f.igiire, the j:n5.\jlatiug member 2 includcis 
+WD insiO.atjea prpft joints 21, One end of the insulating member 
2 is connecteO to the pipe 1 ond the other Lhe cicctroclu 
3. These connect ions may bi.- mnd^ hy woU-kTiowTJ tt^cKnii^ay^ !>iich 
as wfilding ox by th? use of screvf threads. 

As, in accordance with the invent-ion, the compleretl 
anf^ulatod pi 7^6 joint 21 ha^ a CQimnr^n thvoughholft of I;^ln,*^tant 

internal diameter, the assembly c\nd use th^reoT is quite easy. 
Tor instance J the prDvi5ion of the above -described partitions 
Is quite fiinijilB, Oi ufturse, TnoTe than tu'tS iriSltldted V^P^ joant.l 
Zl can be provided as needed. Also, one oL' the pipe joints 21 
can be cDnnccted directly to the pipe 1. 

It needed, yuch as in th(? C85<^ brinw havinp a hi^h 
salt concentration is ixsedj, the outer surtlace of th© xnjjolated 
pipe joint 21 can be covered with a coating 41 of an organic 
substanco having a :5uf f icleutly high heat resistant property. 
Thi5 is shown in the Icfthand piiTt of Pa«. S. FOT oxafliple , the 
coating 41 can be formed by sbrink fitting a "Teflon " tube. 

Aji daictibctd nhovti, in accoTdatice with tho inventloju 
thD pipe:5 and tha ofoctrodes arc connected through the insulatod 
pipe joints. Tensile forces applied at the ends oC the insuTat- 
ed pipe joints are converted into compression forces vhich act 
between the cap portions and the flajige portions thereof. Since 
the coitijirosiiidi) strsnjjth of tho Itisulfttltig' memhcr is much greater 
than the tensile strength thereof, the overall electxode device 
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of the invent iO)l has h t^uitD high T^iechcinical -StVDn.5t:h and can 
withstand high pressures and strong ti^echanic a 1 impact forces 
5o tliat it ca/i be v5cd under scv^^rc opcrati.ng condHtions often 
encountered in oil \fell application. 

Y&t fuTtliCT> the coating 41 and the insulating members 
2 and 12 of the electrode can bt; formed froia qthar mattirials . 
To determine what materials are be5t for these members, tssts 
were conducted to investigate the resistance of various organic 
polymeric cojiipoutkds ta hot waCei* and v/ater vapor at high tempoTttture 
and under high pressure. The compounds Ixivestigated are listed in 
Tstblo 1 herein* 

Regarding the tests, te^t piocQs of each of the material? 
i?ere placed in quartz test tubes filled with pure water. These 
test tubes wcte piaced in a 2 -liter autoclave containing pure 
water. The autoclave va^ held at 2S0*C at an internal pres^utQ 
i>i 6fi kgAift^ for a period of 10 days. The autaclavd was then 
cooled to a room tcmperatare and the test pieces vexc chcc-lced for 
appearance. The results arc presented in Table 2 from which it 
can bo seen that hot v/ater and steaiu had a much more adverso affc^ct 
tha-n dxy heat. Of the materials testod* only i>ol/Letraf luoroethylenc 
resin find diphen/i oxide resin were acceptahlc. 

A coating of T?ater. and staam resistant resin can bo 
foxmed. fcLvduiid the pipe 1 by ropcatedly applying coatings of the 
material, and baking the assembly until the desired thickness is 
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ob mined. Also, a coating of- the heat resistant r&i.sn can be 
foruied by lirst prepaii"^ a tube oL tho rc5in 'naving a" insiile 
diameter slightly larger than the outsi.H^ aiaroeter of tho i>ipe 
l:.atni then slipping the tube over the pipe 1, If the resin 
S is in t>i(j form of a 5h<30t or tape, it mny^ be wound divectiy ^xound 
the pipe 1 and then fus^.on- bonded if uecBssary. As rttismibeO 
above, a haat-shriftkable tube of polytetxaf luoroethylcvne can 
ba slipped over the pipe 1 dnd heated to fit it tightly to Cbe pipe, 
M discussed above, v^Kqo the assembly iDciuJing the 
10 electrode is inserted into the oil veil, tbere is univoidablo 
coTitact .with the iiiner \Tfall of the v;ell so tliat tbe heat 
resistant lasulating coating roay be damaged- To prevent this, 
protectivB coating of insulation 16 may be formed around the 
insulettioti IS as shoccn in Pig, 5. Since the protective coi.tins 
XS of insuiatton 16 mar ^^^^ CQlIapse if tbe electrode is 

©deposed to hijth temperatures, it can be made of an inexpensive 
Ti3at«:rifil such as polyethylene, paiypropylenB or polyvinyl chlni-ide. 

TypicaXl/> the total length of the guide pipe 1 is 
200 to SOO m. Howiiver, a sis^le section of tht^ steel pipe that 
20 makes up the fuide pipe 1 is only about 10 m iu length. To join 
the pipe sccLiouP. each pipe section is provided with a taper 
thread on one end and the pipe sections are joiiied by screwing - 
thejn together. An insulating coating must also be formed around 
the jiMned parts of the pipe section* and ot^ the surUc^ of the 
25 coupling. To accompliish this, as shown in Fig, 6, steol pipe^ 
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lA and IB are covered with the coat J tig of heat i=o.sistanT insulat- 
ing material ISA and IFB and arc jr>iTift\3 by a couplinii 17. A 
coatiftg of- heat resistant insulation 15C i?> formed around the 
coupling exednding into adjacent areas, A heat-sKrinkable tube 
S of a |)DlytetraflaDro9thylene is p.^Tticularly suitable in thi;; 
cas9. 

To protect tha insula ting coatings from direct contact 
^fith the inner wa2 1 of the v;ell> stD£?l pipe sections lA «nd IB 
covered with the coating of heat resistant LnsulBting material 
15A and 15 B and protective coatings of iii<;utation 16A and ibii 
are first joined through the coupling 17 » Thereafter, the cDijpiiT»g 
16 is Coated \fith the heat resistant xu5iilation 15C and tbcii a . 
layer of 16C if forjned around the coupling and in the adjacoitt 
areas as shuc/n in Fig. 7. 
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li\ and IB ore crjv&red \fit\\ the coAt-iug of heat rosisrant insulat- 
ing material ISA and ISH and arc jf>ined by a conpliuij 17. A 
coatiftg of heat T«!sist2nt injiu] ation 15C \<y formed axDUT^d the 
coupling ex e Ending into sidj scent iireas, A heat-sKr inkable tube 
S of a p>DlytetrafluDro9thyleue is p."»Tticular3y suitable in thi.^ 
case. 

To protect tho i-nsulating tioatings from direct contact 
^fith the inner wall of the v;ell» stot?! pipe sections lA and IB 
covered with the coating of h^at resistant insulatinfi material 
ISA and ISB and protectlY'C costings of in<;utation 16A and ibB 
are first joined through th^ couplinf^ 17 » Thereafter > the coupiiTig 
16 is coated the haat resistant insulation 15C and then a . 

layer of i6C if forineH sround the coupl.ing and in the adjacent 
areas as shot/n in Fig, 7. 
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Table 2 



Sampl e AppeaTance 

A OK. 

B " l*uTiied into a Xxiwp* 

C Po- 

D ' Collapsed 

El OK- 

B2 

F 

G ' Ttirned into s lump. 

H Glass whitened 

(Resin caino sparf) 

I Do, 

J Do. 
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WHAT 3S CLAlMllI) XS: 

\, ftn electrode device for electrically lieotlog unOer- 

ground deposits of hyclrocarbons compri^in^i a plurality of wt>ll 
pipe seccLoAs; an electrode adapted to ho dispoHud in an undec 
groujsd deposit of hydxocarbons for i^upplyiixs aTX electric current 

5 to 5Hid underground deposit; a plurality of insulated pipe joiittii 
each including a first tubular member Jiiivlii); a flaiii>t; portion 
at one end thereof, a *?ccond tubxilar meinbeT h«ving a ^"-ap portion 
at (JTic tjTid thereof adapted to be received in sold I'lange portion 
of said first tubular membea' ufith a ^a^i Uitiix-bctweon, and tij\ 
10 i.nsulat iilii ffiombcr dispO:;cd in said gap betwReu .said flange, por- 
tion and isaid cap portion for hermetically coupling said i'irst 
a:3d ;;ocond tubular member and for electrically insulating said 
first and second tubular meinbers from one another, said insulated 
pipe Joints being operatively disposed to couple at loasL some 

iS i>£ said plpft iiectlons and said electrode rfbile electrically 
liisulaLitjg said at least somt; of said pipe scctlDns and iaid 
electrode* and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are intercDiinected. 

3. tJie electrode device as sot forth in claim 1 whei'tiin 
said Insulating mpp^bet of each .aC ?aid i^isulated pipo joints 
comprises a first insulating portion disposed in 3aid gap between 
said "naoge portion and ^aid cap portion, and second insulatirtg 
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portions disposed adjacent inner and outer surfaces of said 
tubular mejiibers, said first and second insulating portions 
being formetS intej^rally \fitb each other. 

4. electrode device as set forth in claim 1 ifherein 

s&id ini^ulatiRg jni^niber of o?kCh of said insulated pipe joi^iti^ 
is Eiad^ or a gia^5?-niic.n Bioldiinj forjned ^T^jm glass axvd mica 
poi/dcrs * 

Tho electrode device as act forth in claim 1 further 
comprising &n insulating coatin}? profided op at least a portion 
of an outer surface of said insulated pipe joints. 

6, The electrode dovico as set forth in cl^im S. wherein 
said insulatina coating isi polytetraflxiorouthj^lene , 

7, The electrode device as set forth in clatjn 6 wh&rt>in 
said insulatiTig coating comprises a resin of thermally shvinkable 
polytetraf: Iuot o e t hy 1 e ne . 

R, The electrode diivice a 5 set forth in claim 5 v^hoxtiin 

seid insulating coating comprises a rcsin of dipbenyl oxide, 
9^ llie electrode dfiViiie as set forth in any of claims 5-7 

further comprising a protective layer of insulation upoa tit : " ' 
least a portion of said insulating coatings 
10, the tilucti'ode davicD as set forth an asiy of claims 

fuTthev comprising a protectiva layer of insulation upon at 
least a portion of said insulating coating^ suld layer of 
protective insulation comprising a materia3 selected from the 
grouii ccrusistiiig of polyethylene > polyprofyylene and polyvinyl dilorida. 
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11, An clt^ntrorto c1cv.u:r; f.OX: oloctr ^.cally heatinij UjICIlT- 

ground ae^f>-?-^tP hydrocarbons coiflpri.C::h>9 a plurality o£ inte>iT-' 
connected well pipe Becvions, an clootrodp. Eidaptet* to bc <3i BpoBcd 
in ai^ mi^3er a, rounds depnslt of" Kydrooarbona supplying clocuric 
currcoL to said undcxfjrouTid deposit ^ least ohb iji^ulatcd pipe 
joint includimj ti firs^t twbulsir luiijaber comprised of a iv?cll pipe: 
section liAving a flamjC poxf.ion at onD Cild t^ioreiof, n fceccnd tubu- 
lar memfatir cOiiiL^r jtJJud oJ: said electrt>dii dii^poflftd in Liligniuaut 
with sAid ±irt>-t tubular mp-nibftr, a coytjr incwb^r caxrit?d by :;af.d 
EP.cond tubulajc tiiCiinbf^r havinci □ cap portion at oi^e end therooX 
dippoeed in ovEi^lyinij relation to tmid fiangc .portion above sft^.d 
ftrgt tubiilm iciOAVb&r wtt^ a gap tberebotwcen , an ini^uiating member 
disposed in aald gap hoV»f-er\ said flan^jo pori^ioji and yald cap 
portion for bar iftOtiiC ally coupling Hiaid first and second tubu.l.ar 
membeir ai^d for- cle^ctricBlly inBulAtlng said first and second 
tabulf>r roembsrs from one another, cfxble raeane connactGd to said 
eleotrodc for *;uppXying an electric current to atiid eloctxode and 
an Insulating coating provided on cit lca:;t an outer surface of. 
j;ald :r.n0Ulating jt>lpc iJoiat. 
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